Abstract. The purpose of this study was to examine the within-day and between-days reproducibility of isokinetic parameters of knee, shoulder and trunk movements. Ten healthy males (age 30 ± 8 years, height 1.79 ± 0.05 m, body mass 79.4 ± 8.3 kg) performed isokinetic concentric contractions (knee: 60 and 180
Introduction
The quadriceps femoris is a muscle group that allows easy access and is therefore frequently the focus of studies assessing neuromuscular impairment following exercise [4, 23, 25, 27] . However, dynamic whole body exercise such as load carriage, requires the use of a range of muscle groups. Overuse of these muscle groups may result in muscle damage and therefore a reduction in muscle function [1] . This may have adverse neuromuscular [11] and metabolic [37] consequences. More important, it can impact on occupational performance in the days following an exercise bout. However, it is not known whether testing of knee, trunk and shoulder movements for healthy subjects in one session is reproducible over a period of days.
Isokinetic dynamometry has been used to assess the decreases and recovery of muscle torque following activities known to cause muscle damage [16, 29, 31] . A typical method is to measure the maximal amount of torque or work a muscle group can produce before the activity with recovery measured in the following hours and days [10, 16, 19] . Knapik and Ramos [22] suggested that with different isokinetic test velocities motor tasks become more dissimilar, requiring different patterns of neural recruitment and co-ordination. Therefore multiple test velocities are commonly used to assess muscle function under a range of different conditions.
The reproducibility of isokinetic dynamometer testing has been previously assessed for measururements of extensors and flexors of the knees [20, 35] , trunk [9, 14, 24] and shoulders [26, 30] . These studies have assessed both intra and interday reproducibility normally using a test and single re-test design or a multiple re-test design. However, the reproducibility of the measurements of the knee, trunk and shoulder extensors and flexors in one testing session within-day and between days has not been examined.
Therefore, the aim of this study was to examine the reproducibility of concentric contractions of extensors and flexors of the knee, trunk and shoulder tested in one session with isokinetic dynamometry over a 3-day period. This study may have implications for studies on the functional recovery from exercise that may result in injury of multiple muscle groups such as prolonged load carriage as it common in certain occupational settings. Our study addressed the question whether the testing of knee, trunk and shoulder movements in one session is reproducible over a period of three days.
Methods

Participants
Ten healthy male participants (mean ± SD, age 30 ± 8 years, height 1.79 ± 0.05 m, body mass 79.4 ± 8.3 kg) volunteered to participate in this study. Ethical approval for all procedures and protocols was provided by the University of Chichester Ethics Committee. All protocols were performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. Participants provided written informed consent and were free from any musculoskeletal injury prior to commencing the study.
Participants were instructed to abstain from any vigorous and unaccustomed physical activity 24 hours before and for the duration of the study to avoid muscle damage and arrive in the laboratory in a rested state. Participants were physically active but not engaged in formal training with the muscle groups of interest. Before baseline testing participants were questioned to ensure they were adequately rested and free from muscle injury and completed a muscle soreness questionnaire. The questionnaire provided a map of the body divided into 12 segments [13] ; the perception of muscle soreness in each segment was rated on a visual analogue scale from 0 (no soreness) to 10 (unbelievable soreness). All participants reported the lowest rating of 0 (no soreness) for all body segments before each baseline testing session.
Pre-testing
Subject's body mass (Seca Model 880, Seca Ltd., Birmingham, UK) was taken whilst wearing shorts and underwear and stature recorded (Avery Berkel, Smethwick, UK).
At least 5 days prior to beginning the experimental protocol, participants were familiarised with all test procedures by completing one complete cycle of the experimental protocol (described in detail below). A test procedure was repeated if a maximal effort was not given or a learning effect was still apparent in the final contractions (i.e. peak force was greater during the final compared to the penultimate contraction).
Experimental protocol
Subjects completed the muscle function tests described below at 0 (baseline), 2, 24, 48 and 72 hours to assess reproducibility of test procedures. The test order is described below and was kept the same on each occasion (Fig. 1) . The test protocol was designed to measure the force producing capability of the muscles. The number of sets and repetitions of contractions was based on pilot work in our laboratory. Rest periods were enforced to minimise fatigue and allow time for participants to move between dynamometers. During all tests, standard verbal encouragement was provided [21] . Slow to fast test velocities were chosen (details described below) as there are known variations in motor unit recruitment patterns and muscle fibre composition between individuals and between muscle groups in any one individual [33] .
Knee and shoulder extension and flexion data were recorded (Cybex II isokinetic dynamometer, Cybex, Measham, UK) using HUMan Assessment Computer (HUMAC) software V40 (Computer Sports Medicine Inc, Norwood, USA) at 100 Hz and exported to Microsoft Excel 2002 for Windows (Microsoft, Redmond, Washington) for analysis. Data were corrected for the effect of gravity [17] . Trunk extension and flexion data were recorded (Akron Isokinetic Back System, Akron Therapy Products, Ipswich, UK) at 100 Hz using Akron software V2.4 (Akron Therapy Products, Ipswich, UK) and exported for analysis in Microsoft Excel 2002 for Windows (Microsoft, Redmond, Washington). Data were not corrected for the effect of gravity due to the limitations of the dynamometer. Although this is not considered best practice [21] , as data were not corrected in each session, the test-retest reproducibility can still be accurately assessed. Caution would be required if extension/flexion ratios were calculated or if comparisons of parameters (e.g. peak torque, work done) are made with data which has been corrected for the effect of gravity. Slower test velocities were tested first for all isokinetic contractions to increase reproducibility of results between tests [41] . For all contractions, the angular velocity was calculated every 0.01 seconds during the movement and data were removed if they were not collected during the isokinetic phase of the movement or showed torque overshoot [33] .
Isokinetic knee extension and flexion
Subjects were seated in the test chair of a Cybex II isokinetic dynamometer (Cybex, Measham, UK) with their knee at 90
• flexion secured using a seat belt style strap across their chest and hips. The Cybex long input adapter, adjustable arm and shin pad (Cybex,Measham, UK) were attached to the dynamometer's point of rotation and to the ankle of the non-dominant leg via a Velcro cuff as instructed in the Cybex user manual. The dominant leg was placed behind the restraining bar to prevent movement during measurement. The point of rotation of the dynamometer arm was aligned, using a laser pointer, with the lateral femoral epicondyle [15] . Subject range of motion was restricted by mechanical stops at 70
• (flexion) and 0 • (extension) of the knee to prevent hyper extension or flexion. Three sub-maximal (self-perceived 50% effort) contractions (full extension and flexion) were completed to familiarise participants to the experimental set up in each test session. The test protocol consisted of two sets of five maximal dynamic contractions of the knee extensors and flexors at 60 and 180
• /s, each separated by 30 s rest (Fig. 1) .
Isokinetic trunk extension and flexion
Subjects were positioned standing upright (trunk fully extended, 0
• ) in an isokinetic trunk strength dynamometer (Akron Therapy Products, Ipswich, UK).
Movement was restricted to the use of the abdominal and back muscles only between extension (5 • ) and flexion (50 • ) of the start position. Straps were placed across the subject's upper and lower legs and hips and a frame positioned around the shoulders. The point of rotation of the dynamometer was aligned with the L5-S1 vertebrae, using a laser pointer [15] . This was located by identifying the highest point of the iliac crest and measuring 5 cm dorsally and 5 cm laterally from this point. Mechanical stops were applied at 5
• and 50
• of the subject's vertical position to limit their range of movement and prevent hyper extension or flexion. Three sub-maximal (self-perceived 50% effort) contractions (full extension and flexion) were completed to familiarise participants to the experimental set up in each test session. The test protocol consisted of two sets of three maximal dynamic contractions of the trunk extensors and flexors at 15 and 60
• /s, each separated by 30 s rest (Fig. 1 ).
Isokinetic shoulder extension and flexion
Subjects lay in a supine position on a custom made testing couch placed parallel to a Cybex II isokinetic dynamometer (Cybex, Measham, UK). The Cybex offset input adapter, shoulder testing accessory and neutral handgrip (Cybex, Measham, UK) were attached to the dynamometer. Subjects gripped the handle in their right hand; the adapter length was adjusted so their right arm was fully extended (0 • ) (i.e. minimal flexion in the elbow). Subject's movement was restricted by securing Velcro straps across the upper legs and hips with the left arm placed across the chest. The point of rotation of the dynamometer arm was aligned with the right Acromiale using a laser pointer [15] . Due to laboratory restrictions subjects were tested on their right arm only, but very little difference in strength exists between dominant and non-dominant arms for flexion (0.9 to 1.2 Nm) or extension (0.1 to 0.9 Nm) [33] . Mechanical stops were placed the end of the range of movements to prevent hyper extension and flexion. Range of motion was between 0
• and 180
• . Three sub-maximal (selfperceived 50% effort) contractions (full extension and flexion) were completed to familiarise participants to the experimental set up in each test session. The test protocol consisted of two sets of five maximal dynamic contractions of the shoulder extensors and flexors at 60 and 180
• /s, each separated by 30 s rest ( Fig. 1 ).
Calculated variables
The following variables were calculated for all maximal dynamic contractions [32] , after removal of data not collected during the isokinetic phase (< 1% of all data) and correction for gravity (knee and shoulder only): (a) peak moment, the single highest moment value recorded in all contractions at the specified speed (of the 10 contractions for knee and shoulder or 3 contractions for trunk); (b) mean peak moment, the mean of all maximum moment values recorded in all contractions at the specified speed; (c) maximum work done, the area under the curve of each contraction was calculated and the maximum value was reported.
Environmental conditions
Environmental temperature was monitored using a dry bulb thermometer (Fisher Scientific, Loughborough, UK). No differences in environmental temperature were observed between baseline tests at 2, 24, 48 and 72 hour test periods respectively (21.2 ± 2.5, 22.2 ± 2.6, 21.6 ± 1.0, 21.6 ± 1.5
• C, 22.3 ± 1.9
• C, P > 0.05).
Statistical analysis
Statistical analysis was undertaken using SPSS for Windows V15 (SPSS, Chicago, Illinois) and Microsoft Excel 2002 for Windows (Microsoft, Redmond, Washington). Normal distribution of the data was verified using a Kolmogorov-Smirnov test.
Reproducibility of the baseline contractile parameters and measurements were assessed at 2, 24, 48 and 72 hours after baseline using Bland and Altman's 95% Limits of Agreement (LoA) [5] [6] [7] [8] . Studies on the reproducibility of isokinetic dynamometry have used primarily correlation methods (e.g. Pearsons r, intraclass correlation coefficients) [33] . However, such methods have limitations [3] as they cannot detect systematic bias, are dependent on the range of values in a sample (i.e. a decrease in the spread of the data decreases the correlation therefore reproducibility), and are therefore only a measure of 'relative reproducibility'. However, these limitations are not present when using the LoA method which provides a measure of absolute reproducibility [3] .
Data were examined for heteroscedasticity using Pearsons Correlation Coefficient. Heteroscedasticity was present in the majority of comparisons (as is the case for the majority of variables measured on the ratio scale), therefore, log ratio LoA were calculated and used for analysis of all data sets [3, 28] . Logarithms for each data point were calculated and individual subject differences [baseline -test (2, 24, 48, 72 hours)] were plotted against respective individual means. Mean differences (bias) between baseline at 2, 24, 48, and 72 hour tests were assessed using pre-planned paired T-tests with statistical significance set at P < 0.05. The 95% LoA were produced by calculating the standard deviation of the differences between tests at different time points and multiplied by 1.96.
Results
Absolute values of peak moment, mean peak moment and maximum work at 0 (baseline), 2, 24, 48 and 72 hours are presented in Tables 1-3. In Tables 4-6 are presented reproducibility of peak moment, mean peak moment and maximum work between 0 hours (baseline) and 2, 24, 48 and 72 hours.
Knee extension (60 • /s)
There was no significant bias at 2,24, 48 and 72 hours for the maximum and mean peak moment (Table 4) . For maximum work, there was only a significant bias at 48 hours (5.9, P = 0.041). Reproducibility (as shown by 95% LoA) was similar for the maximum and mean peak moment but was consistently higher for maximum work at all time points (Table 4) . Figure 2A provides an illustration of the bias and 95% LoA for the mean peak moment knee extension at 60
• /s at baseline vs. 2 hours showing strong agreement between mean peak moment measurements with non-significant bias. 
Knee extension (180
• /s)
The bias for the peak moment at 2, 24, 48 and 72 hours (Table 4) was not significant. For peak moment, the reproducibility (as shown by 95% LoA) was typically stronger at all time points compared to the mean peak moment and maximum work (Table 4) . For example, at 72 hours, the 95% LoA was 13.3 for the peak moment, 25.6 for the mean peak moment and 40.3 for the maximum work. Figure 2B provided an illustration of the bias and 95% LoA for the mean peak moment knee extension at 180
• /s at baseline vs. 2 hours showing weaker agreement between peak torque measurements with a significant negative bias.
Knee flexion (60
• /s) At 2, 24, 48 and 72 hours there was a non-significant bias for the peak moment, mean peak moment and maximum work. The 95% LoA was similar for peak moment and mean peak moment but higher for maximum work (Table 4) .
Knee flexion (180
There was significant positive bias for the peak moment at 2 (3.7, P = 0.031) and 24 (6.4, P = 0.047) hours, and maximum work at 48 hours (13.3, P = 0.047). For all parameters the reproducibility (95% LoA) was similar at 2, 24, 48 and 72 hours (Table 4) .
Trunk extension (15
There was non-significant bias at 2, 24, 48 and 72 hours for peak moment, mean peak moment and maximum work (Table 5) . Although there was variation in the 95% LoA across time points, no obvious Table 1 Peak moment, mean peak moment and maximum work during isokinetic contractions of the knee extensors and flexors at test velocities of 60 and 180 • /s (n = 10) at 0 (baseline) trend was observed ( Table 5 ). The variation was due to individual outlying data points for each variable which increase the 95% LoA, such as that shown in Fig. 2B for knee extension.
Trunk extension (60 • /s)
There was non-significant bias at 2, 24, 48 and 72 hours respectively for peak moment, mean peak moment and maximum work. Also, the 95% LoA was similar for peak moment and mean peak moment but higher for maximum work (Table 5) .
Trunk flexion (15 • /s)
There was a non-significant bias at 2, 24, 48 and 72 hours for maximum and mean peak moment and maximum work ( Table 5 ). The 95% LoA showed that the reproducibility of the measures became slightly poorer over time for all isokinetic parameters (Table 5) .
For example, reproducibility of the peak moment compared to baseline was strongest at 2 hours, decreasing at 24 hours {1.0 (± 8.8)} and again at 48 hours {−0.5 (± 16.6)} and 72 hours {−2.6 (± 17.3)}.
Trunk flexion (60 • /s)
There was non-significant bias at 2, 24, 48 and 72 hours for peak moment, mean peak moment and maximum work (Table 5 ). However, compared to trunk flexion (15 • /s) there was no systematic change in reproducibility for peak moment or mean peak moment, as shown by 95% LoA ( Table 5 ). The reproducibility of the maximum work systematically became poorer over time and was lowest at 2 hours {1.1 (± 20.7)}, increasing at 24 hours {−3.1 (± 31.4)} and 48 hours {−1.9 (± 42.7)} and peaked at 72 hours {3.2 (± 49.7)}.
Shoulder extension (60
The bias for peak moment, mean peak moment and maximum work was non-significant at 2, 24, 48 and 72 hours (Table 6 ). Reproducibility (95% LoA) of measurements was similar for peak moment,mean peak moment and maximum work at 2, 24, 48 and 72 hours (Table 6 ).
Shoulder extension (180 • /s)
There was no significant bias for peak moment, mean peak moment and maximum work ( Table 6 ). The reproducibility was similar for the peak moment, mean peak moment and maximum work at 2, 24, 48 and 72 hours (Table 6 ).
Shoulder flexion (60 • /s)
There was non-significant bias at 2, 24, 48 and 72 hours respectively for peak moment and mean peak moment. However, for maximum work, although there was non-significant bias at 2, 24 and 72 hours respectively (1.8, 2.5, −1.6, P > 0.05) there was a significant positive bias at 48 hours (5.7, P = 0.040). The 95% LoA was similar for peak moment and mean peak moment but were lower for maximum work (Table 6 ).
Shoulder flexion (180
There was non-significant bias at 2, 24, 48 and 72 hours for peak moment, mean peak moment and maximum work (Table 6 ). Reproducibility of the measurements was similar for peak moment and mean peak moment but generally higher for maximum work, as shown by 95% LoA (Table 6 ).
Discussion
The novelty of this study was that the reproducibility of isokinetic parameters during concentric contractions of extensors and flexors of knee, trunk and shoulder was examined in one testing session over a timescale of three days. This time period is suitable for assessing recovery of neuromuscular function following exercise. For all concentric contractions, fast velocities showed poorer within-day and between-days reproducibility due to the more frequent occurrence of significant mean bias between the baseline and subsequent sessions. Fast velocities also showed consistently poorer reproducibility than slow velocities, indicated by the wider 95% LoA. This may be due to the relatively shorter rest times in our protocol compared with suggestions for rest time during isokinetic testing [32] . During extension and flexion of knee, trunk and shoulder movements, maximum work showed the greatest variation and peak moment the smallest variation.
Peak torque during knee extension and flexion (60
• /s) in the present study was 198 ± 40 and 125 ± 24 Nm at baseline, respectively. Similar values (i.e. 210 and 133 Nm) were measured during knee extension and flexion in healthy male participants (age 21 to 30 years) [18] . Peak torque during knee extension and flexion (180
• /s) in the present study was 142 ± 28 and 93 ± 13 Nm at baseline, respectively, which is comparable to the 142 and 85 Nm measured during extension and flexion, respectively, in male college track athletes (age 18 to 21 years) [2] .
Impellizzeri et al. [20] assessed the reproducibility of peak torque during concentric contractions of the left and right knee extensors and flexors at 60 and 180
• /s across 3 test sessions, each separated by 96 h using intraclass correlation coefficients (i.e. ICC) and LoA. There was minimal difference in reproducibility between the left and the right side. The ICC were high for the left knee extensors at 60
• /s (0.95) and 180
• /s (0.98) and the flexors at 60
• /s (0.93) and 180
• /s (0.98). LoA were calculated using the mean squared error from the two way ANOVA, although statistically valid [3] , this method is different from the current study. It does not allow direct comparison of each test to baseline measures or the assessment of how reproducibility may change over time, which was important in addressing the aim of the present study. The LoA of Impellizzeri et al. [20] for peak torque were similar to the present study (Table 4) for knee extension at 60
• /s (13.0%), knee extension at 180
• /s (12.5%), knee flexion at 60
• /s (18.6%) and knee flexion at 180
• /s (13.9%). These da-ta are supported by Nevill and Atkinson [28] who report the ratio 95% LoA for isokinetic knee extensions and flexions over a range of test velocities. Nevill and Atkinson [28] show a similar 95% LoA to the present study; for 60
• /s knee extension (19 vs. 12.9-15.6%) and flexion (29 vs. 15.4-22 .3%) and for 180
• /s knee extension (16 vs The present study showed slightly poorer reproducibility of work than the peak torque for all contractions. Symons et al. [35] also showed wider 95% ratio LoA were for work (39.9%) compared to peak torque (32.5%) during a single test retest of measurements of the knee extensors at 90
• /s in older men (72 ± 5 years) on separate days. Compared to knee extensors (60
• /s) at 24 h in the present study, Symons et al. [35] data show wider 95% LoA for peak torque (14.8 vs. 32.5) and work (20.3 vs. 39.9) . This may be due to the differences between participant characteristics or, as suggested by Symons et al. [35] , the absence of a familiarisation session which was used in the present study.
Peak torque during trunk extension (15 • /s) in the present study was 288 ± 38 Nm at baseline, which is comparable to the 250 Nm measured in healthy males (mean age 23 years) [38] . The test velocity was consistent between studies but unlike the present study, Thorstensson and Nilsson [38] measures were taken whilst participants lay on their side. Peak torque during trunk extension (60
• /s) during the present study was 276 ± 53 Nm at baseline, which is similar to the 255 Nm measured in healthy male participants (age 21 to 30 years) at the same test velocity [18] . Peak torque during trunk flexion (60
• /s) in the present study was 296 ± 34 Nm at baseline which is comparable to the 250 Nm measured in healthy male participants (mean 43 years of age) [37] .
In comparison to the knee extensors and flexors, very few studies have assessed reproducibility of contractions of the trunk extensors and flexors using LoA and reproducibility of contractions at 15
• /s have not been previously investigated. The LoA for trunk extension and flexion at 60
• /s in the current study were similar to those previously reported for extension at 30
• /s (∼14%) and 180
• /s (∼18%), trunk flexion 30
• /s (∼20%) and 180
• /s (∼26%) with the aproximate percentage values calculated from absolute limits presented in original summary data) [14] . However, Nevill and Atkinson [28] reported wider LoA at 60
• /s for both trunk extension (58%) and flexion (54%), the reasons for these differences are not clear as the authors do not describe the procedures or equipment used to collect the data.
Byl and Sadowsky [9] presented high ICC for the peak toque of the trunk extensors over 3 consecutive days at 60
• /s (0.97), 90
• /s (0.97) and 120
• /s (0.95). ICC were poorer for flexion at 60
• /s (0.93), 90
• /s (0.90) and 120
• /s (0.90). These findings are in contrast to the findings of the current study which showed that the reproducibility of peak torque for trunk extension and flexion was similar for both 15 and 60
• /s. Byl and Sadowsky [9] present lower ICC for work compared to peak torque during extension and flexion across all test velocities. These findings support the current study which showed poorer reproducibility for work compared to peak torque for both extension and flexion at 15 and 60
• /s. The present study showed reproducibility of peak torque to be similar for trunk extension at 15 and 60
• /s, but stronger reproducibility during for flexion at 15
• /s compared to 60 • /s (Table 5) . Previous studies have shown weaker reproducibility at higher test speeds for both extension and flexion of the trunk, however test velocities were higher (60 to 180
• /s) and different dynamometers were used [14, 24] .
Peak torque during shoulder extension (60 • /s) in the present study was 101 ± 20 Nm at baseline, which is between the 85 Nm and 118 Nm measured in nonathletic healthy males of similar age [12, 34] . Similarly, peak torque during shoulder extension (180
• /s) in the present study was 85 ± 15 Nm at baseline, which is between the 73 Nm and 103 Nm measured in nonathletic healthy male participants of similar age [12, 34] . Peak torque during shoulder flexion (60
• /s) in the present study was 76 ± 13 Nm at baseline, which is comparable to the 67 Nm measured in non-athletic healthy males (age 21 to 41 years) [12] . Peak torque during shoulder flexion (180
• /s) in the present study was 54 ± 9 Nm at baseline, which is comparable to the 54 Nm measured in non-athletic healthy males (age 22 to 30 years) [34] .
Reproducibility of shoulder extension and flexion using isokinetic dynamometry has not been previously assessed using the LoA method. Orri and Darden [30] examined the test-retest reproducibility of shoulder extension and flexion (60
• /s) across 3-5 days. ICC showed strong reproducibility for extension of the left (0.94) and right (0.98) shoulder and flexion of the left (0.95) and right (0.95) shoulder. However, Mayer et al. [27] examined the reproducibility of shoulder extension and flexion at 60, 180, 240, 300
• /s after a 14 day interval. The reproducibility between measurements was deemed to be low and was similar for shoulder extension (16.3%) and flexion (17.2%). These findings differ from the current study as reproducibility of shoulder extension was slightly stronger than flexion. This may have been due to differences in the participant population, test velocity or time between tests [21] .
Timm et al. [39] assessed the mechanical and physiological reproducibility of three dynamometers to assess the knee extensors and flexors (Biodex, Cybex 340, Merac System) and trunk extensors and flexors (Cybex TEF, Cybex Torso, Cybex Liftask) over a range of test velocities (60 to 500
• /s). Mechanical reproducibility was measured by attaching a standardised loaded input shaft to the dynamometer arm and allowing the arm to move through a 90 o range of motion 5 times. Physiological reproducibility was assessed by participants (86 males, 86 females, age 16-34 years) completing 2 sets of 5 maximal contractions separated by 48 hours. Mechanical test-retest reproducibility (assessed by ICC) of the peak torque assessed on the Cybex 340 was very strong at 60
• /s (1.000) and 180
• /s (1.000). The ICC of the physiological reproducibility of the peak torque were also strong at 60
• /s for the knee extensors (0.999) and flexors (0.999) and at 180
• /s for the knee extensors (0.999) and flexors (0.979). A similar pattern was observed for the other dynamometers and during trunk extension and flexion. The authors concluded that differences tended to be found in the physiological testing therefore the source of variability when using isokinetic dynamometry is due to the participants rather than the dynamometers.
In summary, combined testing of knee, shoulder and trunk muscles during maximal concentric slow and fast concentric contractions provides moment values that are comparable to studies examining a single muscle group. Peak moment is the most reliable isokinetic parameter for knee, trunk and shoulder extensors to assess in one testing session. In addition, reproducibility of this parameter is maintained over a 3-day time period. However, when relatively large variability of isokinetic parameters was detected, it was likely due to individual subjects rather than the dynamometer, therefore adequate familiarisation and coaching is required to maintain reproducibility. Caution is needed to interpret results at fast velocities due to the poorer reproducibility between tests over time. The implication of the present study is that the assessment of the recovery of isokinetic function at fast and slow concentric contractions of knee, trunk and shoulder extensors and flexors in the days following exercise may require peak moment to be the preferred isokinetic parameter.
